This paper presents a simple and efficient design of instantaneous frequency measurement encoder with phase comparison method. Firstly, in order to improve the accuracy of the sampling data, the software filter module is added in the encoder. Secondly, the encoder uses hierarchical lookup table to reduce the complexity of encoder design. Finally, the independent programming makes the encoder have good expansibility and portability.
Introduction
Carrier frequency is one of the key characteristic parameters in weapon equipment, and frequency measuring receiver is widely used in weapon equipment [1, 2] . The instantaneous frequency measurement with phase comparison method is a common frequency measurement method in frequency measurement receiver [3, 4] . In the instantaneous frequency measurement with phase comparison method, the signal phase information is converted into phase data by using signal phase autocorrelation technique. Through the calculation and processing of phase data, the frequency measurement process is finally realized. The instantaneous frequency measurement module is mainly composed of limiting amplifier, phase detector and encoder [5, 6] . The main workflow of traditional encoder is shown in Figure 1 .
Phase data sampling
Phase data processing
Algorithm program analysis
Frequency code output As shown above, the workflow of traditional encoder mainly includes four units, the main functions of each unit are as follows [7, 8, 9] .
(1) Phase data sampling: Sampling phase data of frequency points to be measured.
(2) Phase data processing: Using CORDIC algorithm to deal with the phase data. (1) There is a large error in the sampling process of the measured frequency phase data.
(2) The CORDIC algorithm in phase data processing increases the complexity of encoder design. Moreover, the algorithm program designed by this method has good expansibility and portability.
Encoder design
The new encoder workflow of this paper is shown in Figure   2 . 
Software filter
The phase data acquired by encoder is the key input Firstly, the mean filter is used to do the mean filtering for the sampled phase data. It will reduce the impact of noise signal on the sampling error, and further improve the accuracy of phase data. Taking the phase data of two groups of frequency measurement as an example, the data curves before and after using the software filter are shown in Figure   3 and Figure 4 . (1)
Such as the equation (1) and the equation (2) Figure 4 , the new phase data obtained within the measured frequency range is shown in Figure 5 . Figure 4 and Figure 5 , it is found that the amplitude range of the different phase data curves is consistent after the module value calculation. As shown in Figure 5 , the encoder obtains two sets of orthogonal phase data over the entire frequency range: I1/Q1 and I2/Q2.
Hierarchical table lookup
Compared with the ordinary look-up coding. I1 and Q1 retrieval interval is shown in Figure 6 . The density of curve data which located near the peak and trough is too high, and it is not conducive to the division of retrieval interval. Therefore, between the peak and trough of a higher degree of discrete data is selected as the retrieval interval division basis. Refer to the periodicity of all data changes, I2 and Q2 can divide I1 and Q1 into 10 different retrieval intervals. In each independent retrieval interval, the frequency code corresponds to the unique I1 (or Q1) data.
Independent programming
In the design of encoder, independent programming is to design the program and preset data separately. Different phase comparison instantaneous frequency measurement modules will use the same algorithm program, and all the preset data will be stored in the independent external data storage chip. In addition, the encoder design has preset data
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chip read and write function, and can achieve the external storage data real-time read and write.
When the encoder needs to retrieve the preset data, the encoder will read the data stored in the data storage chip, and then retrieve the operation to obtain the target data. The encoder can also update external storage preset data by writing data to the chip.
Application and analysis
In practical frequency measurement applications, the new encoder in this paper completes the frequency measurement of -60dBm power, 1.3GHz bandwidth and 3MHz frequency step at room temperature. The final measurement error is shown in Figure 7 . 
Conclusions
In this paper, the simple and efficient design of instantaneous frequency measurement encoder with phase comparison method optimizes the traditional encoder, improves the sampling data accuracy, reduces the complexity of the encoder design, and realizes the scalability and portability of the encoder design. In practical application, the encoder realized by this design has achieved good frequency measurement effect and has been widely used in frequency measurement receivers.
